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SYNOPSIS Investigation of subsurface conditions in the Memphis and Shelby County area, located 
within 100 miles south of the New Madrid seismic zone, was conducted by studying the soil data of 
more than 8,500 boring logs in the study area. These soil boring logs were collected from government 
agencies and private geotechnical companies so that the overall subsurface investigation was 
feasible and affordable. The subsurface conditions were presented in the standardized format of 
representative soil logs in accordance with a grid system applied to the study area. The results of 
the subsurface investigation are essential for regional seismic study such as site responses 
analysis and liquefaction potential evaluation in Memphis and Shelby County. 
INTRODUCTION 
The New Madrid seismic zone (NMSZ), located on 
the borders of the states of Missouri, 
Kentucky, Arkansas, and Tennessee, is the most 
hazardous seismic zone in the eastern United 
States. Since the catastrophic earthquakes in 
1811-1812, the NMSZ remains very seismically 
active where earthquakes occur more than 150 
times per year from below the threshold of 
feeling to magnitudes of 4 or greater as 
recorded by the Memphis State University 
seismic network (see Figure 1) [Johnston and 
Nava (1985)]. The seismic hazard in Memphis 
and Shelby County, Tennessee, the most 
important and densely populated metropolitan 
area affected by the NMSZ earthquakes, has 
been recognized [Johnston (1988), Hwang et al. 
(1989), M & H Engineering (1974)]. The effects 
of local soil conditions on earthquake 
consequences have been well demonstrated by 
many earthquakes to date [Astaneh et al. 
(1989), Borcherdt (1970), Hays (1986), Seed 
and Idriss (1969), Seed et al. (1972), Sharma 
et al. (1972), Willie and Filson (1989)]. To 
evaluate regional earthquake hazards, it is 
essential to understand (1) local subsurface 
conditions, (2) site characteristics 
(including soil profile and dynamic properties 
of local soils), (3) regional seismicity, and 
(4) proximity of site to the earthquake source 
zone. Among these, investigation of the local 
subsurface conditions is the first task needed 
to be completed and its results serve as a 
fundamental data base for various kinds of 
regional seismic hazards studies. 
For the regional seismic hazard evaluations, 
or so-called "seismic zonation," overall site-
by-site subsurface exploration investigation 
is practically and legally impossible. The 
most feasible and affordable way, which may be 
the only one in practice, is to use currently 
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available engineering bore hole data 
accumulated in the community over the past 
years. The paper describes the methodology of 
revealing subsurface conditions in Memphis and 
Shelby County, which includes (1) criteria and 
collection of soil data, (2) data analysis and 
compilation, and (3) presentation of the 
resulted overall subsurface conditions. The 
resource and manpower invested as well as the 
accuracy and future update of the data base 
are also addressed. 
GEOGRAPHY AND GEOLOGY OF MEMPHIS AND SHELBY 
COUNTY 
Memphis and Shelby County are located in the 
southwestern corner of Tennessee as shown in 
Figure 1. The study area is situated 34°59 'N 
to 35°25'N latitude and 89°38'W to 90°19'W 
longitude with a total area of about 770 
square miles and population of about 750,000. 
The study area is geographically situated in 
the Gulf Coastal Plain and Mississippi 
Alluvial Plain (Figure 1). The Gulf Coastal 
Plain is gently rolling to hilly topography. 
This area is dissected at many places by 
rivers and creeks, with the highest elevation 
being about 430 feet. The Mississippi Alluvial 
Plain is flat lying and characterized by 
fluvial deposition features such as point 
bars, abandoned channels, back swamps, and 
natural levees, with the lowest elevation of 
about 180 feet [M & H Engineering (1974), Ng 
et al. (1989)] 
As shown in Figure l, the study area is 
located in the central part of the Mississippi 
embayment, a syncline that plunges southward 
along an axis approximately parallel to the 
course of the Mississippi River. The Paleozoic 
rock that forms the bedrock floor of the 
Mississippi embayment is located at a depth of 
about 3, 000 feet in the Memphis area. The 
embayment is filled with sediments of clay, 
silt (loess), sand, gravel, chalk, and lignite 
[M & H Engineering (1974)]. There is no well-
consolidated rock above the Paleozoic rock, 
except some local beds of ferruginous and 
calcareous sandstone and limestone. However, 
the Jackson formation, which contains hundreds 
of feet of very stiff to hard cohesive soils 
and/or very dense to extremely dense 
cohesionless soils, usually encountered at 
depths from tens to hundreds of feet, is 
always considered a firm base for supporting 
major structures in this region. The soil 
conditions and engineering properties of the 
unconsolidated soils in the upper portions of 
the profile, i.e., Jackson formation and 
above, are of major concern to regional 
seismic risk assessments [M & H Engineering 
(1974), Hwang et al. (1989), Sharma and Kovacs 
(1982)]. Most of the engineering boring logs 
available in the study area were extended to a 
depth within 200 feet below ground level. 
DATA COLLECTION, COMPILATION AND ANALYSIS 
Through an extensive search for existing 
geotechnical data from various sources, 
approximately 8, 500 boring logs at various 
locations in Memphis and Shelby County were 
collected. Most of the boring logs were 
obtained from soil investigation reports 
prepared by local geotechnical and consulting 
firms and the U.S. Army Corps of Engineers for 
their projects throughout the Memphis and 
Shelby County area. In addition, geotechnical 
data were also gathered from water-well logs, 
soil surveys, and technical publications. The 
boring logs selected in the study had depths 
of more than 20 feet and contained the 
following information: 
(1) Location of subsurface exploration, 
(2) Site profile and soil strata, 
(3) Field and laboratory test results, and 
(4) Ground water information at the time of 
boring and observations. 
For the purpose of data analysis and 
presentation of the revealed subsurface 
conditions, the study area was applied with a 
grid system consisting of rectangular cells 
with equal size of 30 seconds in both latitude 
and longitude, which represent an area of 
about 2, 500 feet by 3, 000 feet in the study 
area as shown in Figure 2. The study area (770 
square miles) was then divided into about 
2, 860 equal-size cells. In the compilation 
process, all boring logs and supplementary 
geotechnical data were grouped, classified, 
and organized by the cell code. The number 
indicated in each cell represents the total 
number of soil boring logs (and/or other soil 
data) available in that cell (see Figure 2) 
The data in each cell were reviewed and 
analyzed, and then the representative soil 
profile that delineated the overall average 
subsurface conditions was derived for each 
corresponding site [Ng et al. ( 1989) l . An 
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example of the representative soil logs is 
shown in Figure 3. A total of 625 
representative soil logs were developed to 
facilitate the seismic studies in Memphis and 
Shelby County including site response analysis 
and liquefaction potential evaluation in the 
Memphis and Shelby County area [Chang et al. 
(1990), Hwang et al. (1990)]. 
COST AND ACCURACY OF STUDY RESULTS 
The collection, compilation and analysis of 
all the soil data collected in this study 
required two full-time and two part-time 
engineering staff over a period of seven 
months. The supports of the local public and 
technical community by generously providing 
their invaluable data were essential for the 
completion of this study. 
The reliability and accuracy of the revealed 
subsurface conditions depend upon the quality 
and number of soil data available for each 
particular cell, the consistency and variation 
of the data from various sources, and the 
engineering judgment involved in the analysis 
and study of the data. Most of the boring logs 
collected in this study are located in 
urbanized areas such as the cities of Memphis, 
Germantown, Millington, Collierville, 
Bartlett, Lakeland, and Arlington [Ng et al. 
(1989)]. As shown in Figure 2, in the entire 
area of Shelby County only about 22% of the 
cells has soil data available (625 cells out 
of a total of about 2860 cells in the study 
area) . The number of boring logs collected in 
each cell varies from none to more than 100 
boreholes, which suggests the level of urban 
development and accuracy of the revealed 
subsurface conditions of each corresponding 
site (see Table 1) . As shown in Table 2, more 
than half (about 54%) of the representative 
boring logs in this study were extended to 
depths between 30 and 60 feet. In the 
compilation of the collected soil data, mean 
or approximation of field data (N-values and 
soil stratification), and the average of 
laboratory data were used to represent the 
average soil conditions in each cell. Results 
show remarkable variations of the soil data 
with depths and locations in some cells. 
These variations should be taken into account 
in application of the representative soil data 
for practical projects. For example, the mean 
value of the Standard Penetration Test blow 
count number (SPT N-value) was reported to 
represent the in situ density of soil using 
all the soil data available in each cell. The 
coefficients of variation of N-value are 
generally 0. 2 to 0. 6, and in some cases, are 
even higher than one. This indicates 
significant change of soil in situ density at 
various depths and locations. 
Table l. Number of Boring Logs Collected in 
Cells of the Study Area 
No. of No. of Cells with Total 
Boring Cells Data Cells 
Logs N=625 N=2860 
Collected (%) (%) 
0 -2230 78 
1-4 221 35.3 7.7 
5-9 135 21.6 4.7 
10-19 133 21.3 4.7 
20-49 106 17.0 3.7 
>50 30 4. 8 1.0 
Table 2. Exploration Depth of Representative 
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The resulted soil logs can be updated 
improved if more data are available in 
future as urban development of Memphis 





1. The overall investigation of subsurface 
conditions in Memphis and Shelby County, 
by means of applying the available soil 
data in the community, was successfully 
completed using a well-designed process 
with limited resources and manpower. 
2. The established methodology and computer 
system can be applied to any other areas 
where overall subsurface investigation for 
regional earthquake hazard assessment (or 
seismic zonation) is necessary. 
3. The quality and accuracy of the resulted 
soil logs representing the average 
subsurface conditions in the study area 
are influenced by: (1) the quantity and 
quality of the available geotechnical 
data, (2) the consistency of soil data 
from various sources, and (3) the method 
of subsurface explorations used. The 
information in the resulted soil logs can 
be updated and improved when more data is 
available in the future. 
4. The results of the study can be used to 
facilitate the overall seismic studies, 
such as site response analysis and 
liquefaction potential assessment in the 
study area. 
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5. Since the subsurface conditions can be 
extremely complex and may differ from 
location to location, the representative 
soil logs of each cell obtained in this 
study should never be used to substitute 
subsurface exploratory program for any 
particular construction projects. 
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